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(S)  Process  for  the  liquid  phase  production  of  carboxylic  acids  containing  1-3  carbon  atoms  catalysed  by  phosphorus 
compounds. 

C,  to  C3  mono-carboxylic  acids,  including  a  substantial 
proportion  of  acetic  acid,  are  produced  by  oxidising  a 
paraffinic  hydrocarbon  feedstock  with  molecular  oxygen  at  a 
temperature  in  the  range  150  to  250°C  and  at  an  elevated 
pressure  sufficient  to  maintain  the  reactants  in  the  liquid 
phase  in  the  presence  as  catalyst,  of  phosphoric  acid  and'or  a 
phosphate  of  one  or  more  metals  of  Groups  I  and  II  of  the 
Periodic  Table,  in  particular  sodium  or  potassium.  In  an 
alternative  embodiment  of  the  invention  a  co-catalyst  in  the 
form  of  one  or  more  metals  of  variable  valency,  particularly 
manganese,  is  incorporated  in  the  reactants.  The  reaction 
products  are  recovered  by  distillation. 



The  p r e s e n t   inven t ion   r e l a t e s   g e n e r a l l y   to  the  p roduc t ion   o f  

c1  to  C3  c a r b o x y l i c   acids  by  the  l i q u i d   phase  o x i d a t i o n   of  a 

p a r a f f i n i c   hydrocarbon  feeds tock   and  in  p a r t i c u l a r   to  the  a d d i t i o n  

of  phosphor i c   acid  and/or  a  phosphate   of  one  or  more  metals  o f  

Groups  I  and  II  of  the  Per iodic   Table  to  such  o x i d a t i o n s   for  t h e  

purpose  of  i n c r e a s i n g   the  s e l e c t i v i t y   to  a ce t i c   a c i d .  

The  l i q u i d   phase  ox ida t ion   of  a  p a r a f f i n i c   hydrocarbon  f e e d -  

s t o c k  w i t h   molecu la r   oxygen  at  e l eva ted   t empera tu re   and  p r e s s u r e s  

to  produce  C1  to  C3  ca rboxyl ic   acids  is  a  well  known  process  and 

is  d e s c r i b e d ,   for  example,  in  B r i t i s h   Patere   S p e c i f i c a t i o n   Nos 

743,989;   743,990;  743,991;  767,290  and  771,992.  The  p r o d u c t s  

produced  by  this   process  may  be  c l a s s i f i e d   as  (a)  v o l a t i l e  

n o n - a c i d i c   o x i d a t i o n   products  of  b o i l i n g - p o i n t   up  to  99°C  in  t h e  

p resence   of  water ,   gene ra l ly   r e f e r r e d   to  as  "low  b o i l e r s "   o r  

" l i g h t   ends",  (b)  water,   (c)  a l i p h a t i c   mono-ca rboxy l i c   acids  of  1 

to 3  carbon  atoms  and  (d)  higher  b o i l i n g   m a t e r i a l s ,   i n c l u d i n g  

ac ids ,   o therwise   known  as  "heavy  e n d s " .  

The  use  of  compounds  of  metals  of  v a r i a b l e   va lency  as  c a t a l y s t s  

in  p a r a f f i n   ox ida t i on   processes  for  the  purpose  of  i n c r e a s i n g   t h e  

o v e r a l l   s e l e c t i v i t y   to  acids  is  d e sc r i bed   in  the  very  ear ly   p a t e n t  

s p e c i f i c a t i o n s   r e f e r r e d   to  h e r e i n b e f o r e .   In  r ecen t   years  it  has  

been  r e c o g n i s e d   that   improving  not  only  the  o v e r a l l   s e l e c t i v i t y   to  

ac ids   but  also  the  r e l a t i v e   amounts  of  p a r t i c u l a r   acids  in  t he  

o x i d a t i o n   product   is  a  d e s i r a b l e   o b j e c t i v e .   Thus  i t   has  been 

r e p o r t e d   compara t i ve ly   r ecen t ly   that   the  use  of  a  coba l t   c a t a l y s t  



c o n t a i n i n g   at  l e a s t   one  other  metal  s e l e c t e d   from  sodium,  p o t a s s i u m ,  

copper ,   magnesium,  calcium,  zinc,  cadmium,  barium,  aluminium,  t i n ,  

lead ,   n i c k e l ,   or  iron  as  c a t a l y s t   i n c r e a s e s   the  r a t i o   of  the  y i e l d  

of  a c e t i c   acid  to  the  y ie ld   of  formic  ac id .   Also  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No  1,403,196  desc r ibes   the  use  of  a  manganese  compound 

in  a  c o n c e n t r a t i o n   of  from  1  to  50  par t s   per  m i l l i o n   based  on  t he  

t o t a l   weight  of  r e a c t i o n  m i x t u r e   as  c a t a l y s t   in  order  to  a c h i e v e  

improved  s e l e c t i v i e s   to  a ce t i c   acid  on  oxygen  c o n s u m e d ,   Fu r the rmore .  

B r i t i s h   Pa ten t   S p e c i f i c a t i o n   No  1,396,747  d e s c r i b e s   the  a d d i t i o n   o f  

molybdenum  in  the  +6  ox ida t ion   s t a t e   to  p a r a f f i n   o x i d a t i o n s ,   a g a i n  

for  the  purpose  of  i n c r e a s i n g   the  s e l e c t i v i t y   to  a ce t i c   a c i d .  

It  has  now  been  found  that  the  s e l e c t i v i t y   to  a ce t i c   acid  can 

be  i n c r e a s e d   by  the  a d d i t i o n   to  the  o x i d a t i o n   r e a c t i o n   of  p h o s p h o r i c  

acid   and/or   a  phosphate   of  one  or  more  metals   of  Groups  I  and  II  o f  

the  Pe r iod i c   T a b l e .  

Accord ing ly   the  p resen t   i nven t ion   p rov ides   a  process  for  t h e  

p r o d u c t i o n   of  C1  to  C3  mono-carboxyl ic   a c id s ,   i nc lud ing   a  s u b s t a n t i a l  

p r o p o r t i o n   of  a c e t i c   acid,  by  o x i d i s i n g   in  a  r e a c t i o n   zone  a 

p a r a f f i n i c   hydrocarbon  feeds tock   with  mo lecu la r   oxygen  at  a  t e m p e r a -  

ture   in  the  range  from  150  to  250°C  and  at  an  e l e v a t e d   p r e s s u r e  
s u f f i c i e n t   to  ma in t a in   the  r e a c t a n t s   in  the  l i q u i d   phase  c h a r a c t e r i s e d  

in  that   there  is  added  to  the  r e a c t a n t s   a  compound  comprising  p h o s p h o r i c  

acid   and/or  a  phosphate   of  one  or  more  metals   of  Groups  I  and  II  o f  

the  P e r i o d i c   T a b l e .  

Any  of  the  known  types  of  appara tus   in  which  molecular   oxygen 

is  i n t i m a t e l y   c o n t a c t e d   with  l i qu id   feed  may  form  the  r e a c t i o n   zone .  

An  example  of  a  s u i t a b l e   form  of  appara tus   is  a  v e r t i c a l   s t a i n l e s s  

s t e e l   tower  c o n t a i n i n g   a  coaxia l   draught  tube  open  at  both  ends 

t h e r e o f .   In  o p e r a t i o n   the  tower  is  f i l l e d   to  at  l e a s t   the  h e i g h t  

of  the  top  of  the  draught   tube  with  l i q u i d   r e a c t a n t ,   m o l e c u l a r -  

oxygen  c o n t a i n i n g   gas  is  i n t roduced   into  the  tower  near  t h e  

base  and  e x t e r n a l   to  the  draught  tube.  The  mix ture   of  gas 
and  l i qu id   r i s e s   u n t i l   i t   is  level   wi th '  the   top  of  t h e  

d raught   tube,  whereupon  the  gas  d isengages   from  the  l i qu id   and 

the  l i q u i d   descends  through  the  draught   tube  to  the  base  of  t h e  



r e a c t o r   where  the  cycle  is  r e p e a t e d .  

The  p a r a f f i n i c   hydrocarbon  is  p r e f e r a b l y   a  p a r a f f i n   c o n t a i n -  

ing  from  4  to  8,  even  more  p r e f e r a b l y   5  to  7,  carbon  atoms  i n  

the  molecule  or  a  mixture   t h e r e o f .   The  p a r a f f i n   may  b e  a  

s t r a i g h t - c h a i n   p a r a f f i n ,   used  e i t h e r   alone  or  in  admixture  w i t h  

b r a n c h e d - c h a i n   and  cyc l i c   p a r a f f i n s .   Any  b r a n c h e d - c h a i n  

p a r a f f i n s   p resen t   in  the  hydrocarbon  feed  p r e f e r a b l y   have  one 

or  more  me thy l -b ranch   chains .   P a r a f f i n i c   f r a c t i o n s   may  be  used ;  

p r e f e r a b l y   any  such  f r a c t i o n   b o i l s   at  a  t empera ture   n o t  

exceeding  100°C.  I t   is  p a r t i c u l a r l y   p r e f e r r e d   to  use  a 

f r a c t i o n   having  a  b o i l i n g   range  of  about  15  to  about  95°C. 

Examples  of  s u i t a b l e   f e e d s t o c k s   which  may  be  used  are  s t r a i g r r -  

run  petroleum  f r a c t i o n s ;   the  p roducts   from  the  aluminium  c h l o r i d e -  

c a t a l y s e d   i s o m e r i s a t i o n   of  p redominan t ly   s t r a i g h t - c h a i n   p a r a f f i n s  

having  4  to  8  carbon  atoms  or  from  other  i s o m e r i s a t i o n   p r o c e s s e s  

known  in  the  ar t ;   the  products   ob ta ined   by  the  a l k y l a t i o n   of  C2 
to  C 4  o l e f i n s   with  i s o p a r a f f i n s ;   or  a l t e r n a t i v e l y   the  p r o d u c t  

ob t a ined   by  hydrogena t ion   of  the  mono-olef ins   produced  by 

d i m e r i s a t i o n   of  lower  o l e f i n s   such  as  propylene  and  i s o b u t e n e .  

An  example  of  a  commercial ly   a v a i l a b l e   p a r a f f i n i c   h y d r o c a r b o n  

f e e d s t o c k   s u i t a b l e   for  the  process   of  the  inven t ion   is  a  s t r a i g h t  

run  ga so l ine   f r a c t i o n   from  pe t ro leum  bo i l i ng   between  about  15 

and  95°C. 

The  molecular   oxygen  may  be  fed  to  the  process  in  the  form, 

for  example,  of  air   or  mixtures   of  gas  r i che r   or  poorer  i n  

molecu la r   oxygen  than  a i r .  

The  e l eva ted   t e m p e r a t u r e  i s   p r e f e r a b l y   in  the  range  from  160 

to  200°C.  The  p r e s su re   is  chosen  such  that  the  r e a c t a n t s   a r e  

ma in t a ined   in  the  l i qu id   phase.  Genera l ly   p ressures   in  t he  

range  30  to  70  bar  wi l l   be  found  s u i t a b l e .  

It  is  p r e f e r r e d   to  ope ra te   the  process  in  such  a  manner  t h a t  

s u b s t a n t i a l l y   a l l   the  oxygen  fed  is  absorbed.  Thus  the  concen-  

t r a t i o n   of  oxygen  in  the  gas  l eav ing   the  ox ida t ion   zone  i s  

p r e f e r a b l y   main ta ined   at  not  more  than  1%  wt/wt.  The  d e s i r e d  

r a t e   of  ab so rp t i on   may  be  ob ta ined   by  a d j u s t i n g   the  r e a c t i o n  

t e m p e r a t u r e .  



Phosphor ic   acid  may  s u i t a b l y   be  added  in  the  form  of  o r t h o -  

phosphor i c   acid.   I t   may  however  be  added  in  the  form  of  meta-  or  - 

p y r o p h o s p h o r i c   acid.   Group  I  and  Group  II  metal  phosphates   may  b e  

added  in  the  form  of  o r t h o - ,   meta-  or  py rophospha tes .   The  s p e c i f i c  

phosphorus   c o n t a i n i n g   compound  i s  .not   b e l i e v e d   to  be  c r i t i c a l   b u t  

i t   should  p r e f e r a b l y   be  so lub l e   in  the  r e a c t i o n   medium  at  t h e  

c o n c e n t r a t i o n s   used  in  order  to  avoid  o p e r a t i o n a l   problems.  S u i t a b l e  

phospha tes   inc lude   sodium  and  po tass ium  phospha tes .   The  p h o s p h o r i c  

a c i d   and /or   phosphate   s a l t   may  s u i t a b l y   be  added  in  an  amount  in  t h e  

range  from  0.1  to  1000  ppm,  p r e f e r a b l y   from  0.5  to  100  ppm,  c a l c u l a t e d  

as  e lementa l   p h o s p h o r u s .  

As  h e r e i n b e f o r e   ment ioned,   metals   of  v a r i a b l e   valency,   in  t h e  

form  of  so lub l e   s a l t s   t h e r e o f ,   are  known  p a r a f f i n   o x i d a t i o n   c a t a l y s t s .  

I t   has  now  been  found  that   the  i n c r e a s e   in  s e l e c t i v i t y   to  a c e t i c  

acid  a t t e n d i n g   the  a d d i t i o n   of  phosphor ic   acid  and/or   a  phosphate   o f  

one  or  more  metals  of  Groups  I  and  II  of  the  Pe r iod i c   Table  can  b e  

f u r t h e r   enhanced  by  the  a d d i t i o n   of  a  s a l t   of  c e r t a i n   metals  o f  

v a r i a b l e   v a l e n c y .  

Thus  in  a  f u r t h e r   embodiment  of  the  p re sen t   i nven t ion   i n  

a d d i t i o n   to  adding  a  compound  compr is ing   phosphor ic   acid  and/or   a  

phospha te   of  one  or  more  metals  of  Groups  I  and  II  of  the  P e r i o d i c  

Table  there   is  also  added  a  compound  of  a  metal  of  v a r i a b l e   v a l e n c y .  

Metals   of  v a r i a b l e   valency  which  may  be  used  inc lude   iron,  chromium, 

m a n g a n e s e ,  c o b a l t ,   n i cke l   and  molybdenum,  of  which  manganese  i s  

p r e f e r r e d .   The  metal   is  p r e f e r a b l y   added  in  the  form  of  a  s o l u b l e  

s a l t   t h e r e o f .   Examples  of  s u i t a b l e   so lub le   s a l t s   are  the  s a l t s   o f  

c a r b o x y l i c   acids  such  as  n a p h t h e n a t e s ,   oc tanoa tes   or  a c e t a t e s .  

A l t e r n a t i v e l y   i n o r g a n i c   compounds  such  as  the  metal  s a l t s   o f  

ca rbon ic   or  n i t r i c   acid  may  be  employed.  P r e f e r a b l y   the  

compound  of  a  metal  of  v a r i a b l e   va lency  is  manganese  a c e t a t e .  

When  phosphor ic   acid  or  a  phosphate   of  one  or  more  metals  o f  

Groups  I  and  II  is  added  in  a d d i t i o n   to  a  compound  of  a  m e t a l  

of  v a r i a b l e   valency  the  t o t a l   amount  of  added  compounds  may 

s u i t a b l y   be  in  the  range  from  0.1  to  1000,  p r e f e r a b l y   from  0 . 5  

to  100  ppm,  c a l c u l a t e d   as  e lementa l   phosphorus  plus  metal  o f  

v a r i a b l e   v a l e n c y .  



The  process  may  be  o p e r a t e d   ba tchwise   or  c o n t i n u o u s l y .  

I t   is  p r e f e r r e d   to  o p e r a t e   the  process   c o n t i n u o u s l y   and  f e e d  

the  added  compound  c o n t i n u o u s l y   in  order  to  main ta in   i t s  

c o n c e n t r a t i o n   in  the  r e a c t i o n   zone  wi th in   the  de s i r ed   r a n g e .  

The  r a te   at  which  the  added  compound  is  fed  during  c o n t i n u o u s  

o p e r a t i o n   wi l l   depend on  the  r a te   at  which  the  compound  is  l o s t  

from  the  r e a c t i o n   zone,  which  in  turn  wi l l   depend  upon  w h e t h e r  

the  r e a c t i o n   product   is  r ecove red   from  the  r e a c t i o n   zone  as  a 

vapour  or  as  a  l i q u i d   or  as  a  v a p o u r / l i q u i d   mixture .   The 

added  compound  may  s u i t a b l y   be  fed  to  the  r e a c t i o n   zone  i n  

admixture   with  the  p a r a f f i n i c   hydrocarbon  f eeds tock   or  a  C1 
to  C3  a l i p h a t i c   m o n o - c a r b o x y l i c   acid  or  water.   The  c o n t e n t  

of  the  added  compound  in  the  r e a c t i o n   zone  may  be  mainta ined  a t  

the  des i r ed   level   by  measur ing  the  volume  of  l i qu id   p r o d u c t  

withdrawn  from  the  r e a c t i o n   zone  and  a d j u s t i n g   the  amount  o f  

the  compound  fed  to  the  zone  to  make  up  for  that   l o s t   frcm  t h e  

zone  in  the  l i q u i d   product   on  the  assumption  that  the  c o n t e n t  

of  the  compound  in  the  l i q u i d   product   withdrawn  is  the  same  as 

that   in  the  r e a c t i o n   zone  and  that   none  of  the  compound  i s  

depos i t ed   t h e r e i n .  

The  r e a c t i o n   product   may  be_recovered   f rom the   r e a c t i o n  

zone  and  worked  up  to  give  i n d i v i d u a l   Cl  to  C3  c a r b o x y l i c  

acids  in  any  conven ien t   manner.  Thus  the  r e a c t i o n   product  may 
be  recovered   from  the  process   as  a  l i qu id   stream,  which  may 
b e - d i s t i l l e d   to  remove  the  l o w - b o i l i n g   compound  or  " l i g h t  

ends"  overhead.   The  r e s i d u e   from  this  d i s t i l l a t i o n   may  be 

s u b j e c t e d   to  f u r t h e r   d i s t i l l a t i o n   to  recover  water  and  lower 

c a r b o x y l i c   acids  overhead,   l eav ing   higher   bo i l i ng   m a t e r i a l s   as 
r e s i d u e .   The  mixture   of  water  and  lower  ca rboxy l i c   acids  may 
then  be  s u b j e c t e d   to  f u r t h e r   d i s t i l l a t i o n   to  remove  water  and  to 

r ecover   formic,  a c e t i c   and  p rop ion ic   acids  and,  if  d e s i r e d ,  

b u t y r i c   acid.   S u i t a b l e   methods  of  d i s t i l l a t i o n   are  wel l -known 

in  the  a r t .   The  l i g h t   ends  may  be  recyc led   d i r e c t l y   to  t h e  

r e a c t i o n   zone.  A l t e r n a t i v e l y ,   acetone  may  be  recovered  from 

the  " l i g h t   ends"  before   r e c y c l e   to  the  r e a c t i o n   zone.  



The  i n v e n t i o n   wi l l   now  be  de sc r ibed   with  r e f e r e n c e   to  t he  

f o l l o w i n g   Examples  and  Comparison  T e s t s .  

Comparison  Test  1 

The  r e a c t i o n   zone  employed'was  a  5  f t   x  4  inch  d i a m e t e r  

s t a i n l e s s   s t e e l   c y l i n d r i c a l   r e ac to r   f i t t e d   with  an  i n t e r n a l  

d raught   tube  to  promote  l i q u i d   c i r c u l a t i o n   and  heated  by  means 

of  an  oil-  j a c k e t .   The  p a r a f f i n i c   hydrocarbon  feed  was  a  s t r a i g h t -  

run  naphtha   with  a  b o i l i n g   range  of  ca  40  to  110°C,  c o n t a i n i n g  

27%  naphthenes   a n d  6 % - a r o m a t i c s ,   the  remainder   being  p a r a f f i n s .  

All  feed  and  r e c y c l e   s treams  were  fed  at  the  base  of  the  

r e a c t o r .   Air  was  i n t r o d u c e d   at  the  base  of  the  r e a c t o r   t h r o u g h  

a  sparge  r ing  e x t e r n a l   to  the  draught  tube.  The  pressure   w i t h i n  

the  r e a c t o r   was  m a i n t a i n e d   at  48.3  bar  and  the  temperature   a t  

170  to  174°C  to  give  an  oxygen  a b s o r p t i o n   ra te   of  0.26  k g / l / h .  

Liquid   p roduc t s   were  withdrawn  from  the  base  of  the  r e a c t o r  

through  a  p r e s s u r e   r educ ing   valve.   Organic  vapours  i ssu ing  f rom 

the   head  of  the  r e a c t o r   were  condensed  and  r e t u r n e d .   Waste  g a s e s  

were  vented  to  a tmosphere .   The  l i qu id   product   removed  from  t h e  

base  of  the  r e a c t o r   was  fed  to  a  f r a c t i o n a l   d i s t i l l a t i o n   column. 

This  was  a  packed  g lass   column  ope ra t i ng   at  a tmospher ic   p r e s s u r e .  

The  base  of  the  column  was  main ta ined   at  a  t empera ture   of  105°C. 

Low-bo i l ing   compounds  ( ie ,   m a t e r i a l s  b o i l i n g   at  tempera tures   up  to  

99°C  in  the  p resence   of  water ,   o the rwise   known  as  " l i g h t   e n d s " )  

were  removed  overhead,   some  being  r e t u r n e d   to  the  column  as  r e f l u x ,  

the  r e s t   being  r e t u r n e d   to  the  r e a c t o r   a f t e r   r ecover ing   a c e t o n e  

the re f rom.   The  p roduc t   from  the  base  of  the  column  was  ana lysed   by 

g a s - l i q u i d   chromatography  to  determine  the  y ie lds   of  C1-C3  a c i d s .  

The  s e l e c t i v i t i e s   on  oxygen  consumed  averaged  over  f o u r  

such  t e s t s   are  given  in  the  fo l lowing  Table  1. 

This  is  not  an  Example  according  to  the  i nven t ion   and 

is  i nc luded   for  the  purpose  of  comparison  o n l y .  

Example  1 

The  p rocedure   d e s c r i b e d   in  Comparison  Test  1  was 



r e p e a t e d ,   except   that   an  aqueous  phosphor i c   acid  s o l u t i o n  

w a s . f e d  t o   the  r e a c t o r   at  such  a  r a t e   as  to  ma in t a in   the=  

phosphorus   c o n c e n t r a t i o n   in  the  l i q u i d   p roduc t   w i thd rawn  

from  the  base  of  the  r e a c t o r   at  20  ppm.  Fu r the rmore ,   t h e  

r e a c t i o n   t empera tu re   was  allowed  to  r i s e   to  179°C  to  keep  

the  oxygen  a b s o r p t i o n   r a te   c o n s t a n t .  
The  s e l e c t i v i t i e s   on  oxygen  consumed  are  given  in  t h e  

fo l lowing   Table  1 .  

Example  2 

The  p rocedure   de sc r ibed   in  Comparison  Test  1  was 

r e p e a t e d ,   except  that   phosphor ic   acid  and  manganese  ace t a t e   i n  

aqueous  s o l u t i o n   were  fed  to  the  r e a c t o r   at  such  a  rate  as  to  

m a i n t a i n   the  phosphorus  and  manganese  c o n c e n t r a t i o n s   in  the  

l i q u i d   product   withdrawn  from  the  base  of  the  r e a c t o r   at  10  ppm 
and  10  ppm  r e s p e c t i v e l y .   Fur thermore ,   the  r e a c t i o n   t e m p e r a t u r e  

rose  to  184°C. 

The  s e l e c t i v i t i e s   on  oxygen  consumed  are  given  in  t h e  

fo l lowing   Table  1. 

Example  3 

Example  2  was  r epea t ed ,   except  that   manganese  a c e t a t e  

was  r e p l a c e d   b y  n i c k e l   a c e t a t e .  

The  s e l e c t i v i t i e s   on  oxygen  consumed  are  given  in  t he  

fo l lowing   Table  1. 

Example  4 

Example  2  was  r e p e a t e d ,   except  that   manganese  a ce t a t e   was 

r e p l a c e d   by  coba l t   a c e t a t e .   The  r e a c t i o n   t empera tu re   f e l l   t o  

172°C. 

The  s e l e c t i v i t i e s   on  oxygen  consumed  are  given  in  t h e  

fo l lowing   Table  1. 

All  the  Examples  1  to  4  demonst ra te   an  improvement  in  a c e t i c  

acid  s e l e c t i v i t y   based  on  oxygen  absorbed,   the  improvement 

being  most  marked  in  Example  2  in  which  phosphor ic   acid  and 

manganese  a c e t a t e   were  added  in  combina t ion .   Whilst   t h e  

s e l e c t i v i t y   to  formic  acid  in  Examples  1  to  3  r emained  



s u b s t a n t i a l l y   u n a l t e r e d ,   the  s e l e c t i v i t y   to  p r o r i o n i c   acid  was 
improved  a l so .   The  s e l e c t i v i t y   to  f o r m i c  a c i d   was  a p p r o x i m a t e l y  
ha lved   by  the  a d d i t i o n   of  coba l t   a c e t a t e   in  Example  4  a n d ,  w h i l s t  
the  s e l e c t i v i t y   to  a c e t i c   a c i d  s n d   p rop ion ic   acid  was  i n c r e a s e d ,  
th i s   was  not  so  marked  as  in  the  case  of  the  a d d i t i o n   o f  
p h o s p h o r i c   acid  alone  (Example  1).  -  





Comparison  Test  2 

The  procedure   of  Comparison  Test  1  was  fol lowed  except  t h a t  

a  b e t t e r   q u a l i t y   naphtha  f e e d s t o c k   c o n t a i n i n g   84%  p a r a f f i n s ,   13% 

naphthenes   and  3%  a romat ics   was  used.  The  r a t e   of  oxygen  a b s o r p t i o n ,  

the  PLE/02  r a t i o   and  the  o p e r a t i n g   p r e s s u r e   were  the  same  as  u s e d  

in  Comparison  Test  1  but  the  t e m p e r a t u r e   was  i n c r e a s e d   t o  1 8 1 ° C .  

The  s e l e c t i v i t i e s   on  oxygen  absorbed   are  given  in `the  f o l l o w i n g  

T a b l e  2 .  

This  is  not  an  example  i l l u s t r a t i n g   the  p r e s e n t   i n v e n t i o n  

because  no  phosphor ic   acid  or'  phospha te   was  added .  

Example  5 

The  procedure   of  Comparison  Test   2  was  r e p e a t e d   except  t h a t  

an  aqueous  s o l u t i o n   of  o r t h o - p h o s p h o r i c   acid  was  fed  to  the  

r e a c t o r   at  such  a  ra te   as  to  m a i n t a i n   the  phosphorus  c o n c e n t r a t i o n  

in  the  l i q u i d   product   withdrawn  from  the  base  of  the  r e a c t o r   a t  

2  p p m .  F u r t h e r m o r e   the  r e a c t i o n   t e m p e r a t u r e   was  i nc reased   to  188°C 

to  ma in ta in   the  oxygen  a b s o r p t i o n   r a t e   c o n s t a n t .  

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  the  f o l l o w i n g  

Table  2. 

Example  6 

Example  5  was  r epea t ed   except   tha t   the  phosphorus  c o n c e n t r a t i o n  

was  i n c r e a s e d   to  10  ppm  and  the  t e m p e r a t u r e   to  194°C. 

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  t h e  

fo l lowing   Table  2. 

Example  7 

Example  5  was  r epea ted   except   tha t   the  phosphorus  c o n c e n t r a t i o n  

was  i n c r e a s e d   to  20  ppm  and  the  t e m p e r a t u r e   was  i nc reased   to  193cC. 

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  the  f o l l o w i n g  
Table  2. 





In  a l l   of  the  Examples  5  to  7  the  s e l e c t i v i t i e s   to  b o t h  

a c e t i c   and  p rop ion ic   ac ids   i n c r e a s e d   with  i n c r e a s i n g   p h o s p h o r u s  

c o n c e n t r a t i o n .  

Comparison  Test  3 

The  p rocedure   of  Comparison  Test  2  was  fo l lowed  except  t h a t  

r a t h e r   more  ace tone   was  e x t r a c t e d   from  the  ' l i g h t   ends'  s t r e a m  

befo re   this   stream  was  r e t u r n e d   to  the  o x i d a t i o n   r e a c t o r .  

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  t h e  

fo l lowing   Table  3.  

This  is  not  an  example  of  the  working  of  the  p r e s e n t   i n v e n t i o n  

because  no  phosphor ic   acid  or  phosphate  was  added .  

Example  8 

Comparison  Test  3  was  r epea t ed   except  that  an  aqueous  s o l u t i o n  

of  o r t h o - p h o s p h o r i c   acid  was  fed  to  the  r e a c t o r   at  such  a  r a t e   as  

to  ma in ta in   the  phosphorus  c o n c e n t r a t i o n   in  the  l i q u i d   p r o d u c t  

withdrawn  from  the  base  of  the  r e a c t o r   at  20  ppm,  and  the  t e m p e r a t u r e  

was  i n c r e a s e d   to  193°C  to  m a i n t a i n   the  oxygen  a b s o r p t i o n   r a t e  

c o n s t a n t .  

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  the  f o l l o w i n g  

Table  3 .  

Example  9 

Example  8  was  r e p e a t e d   except  that   Na3PO4,  t r i - s o d i u m   o r t h o -  

phospha te ;   was  added  in  place  of  o r t h o - p h o s p h o r i c   a c i d .  

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  the  f o l l o w i n g  

Table  3. 

Example  10 

Example  8  was  r e p e a t e d   except   that  in  place  of  o r t h o - p h o s p h o r i c  

acid  there  was  added  (NaPO3)6,  sodium  hexametaphospha te ,   and  t h e  

t empera tu re   was  i n c r e a s e d   to  194°C. 

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  Table  3.  

Example  11 

Example  8  was  r e p e a t e d   except   that  in  place  of  o r t h o - p h o s p h o r i c  

acid  there  was  added  Na4P2O7,  sodium  pyrophospha te ,   and  the  t e m p e r a t u r e  

was  i n c r e a s e d   to  195°C. 





In  Examples  8  to  11  s i m i l a r   improvements  in  s e l e c t i v i t y   t o  
a c e t i c   and  p r o p i o n i c   acids   were  observed  for  the  d i f f e r e n t  

phosphates   a d d e d .  

Example  1 2  

Example  7  was  r e p e a t e d   except  that   the  oxygen  a b s o r p t i o n  

ra te   was  a d j u s t e d   to  87%  of  the  value  p r e v a i l i n g   in  the  Example 

and  the  t e m p e r a t u r e   was  i n c r e a s e d   to  194°C. 

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  t h e  

fo l lowing   Table  4 .  

Example  13 

Example  12  was  r e p e a t e d   except  tha t ,   in  a d d i t i o n   to  t h e  

o r t h o - p h o s p h o r i c   ac id ,   manganese  a c e t a t e   was  added  at  such  a  

r a te   as  to  m a i n t a i n   the  manganese  c o n c e n t r a t i o n   in  the  l i q u i d  

produc t   withdrawn  from the  base  of  the  r e a c t o r   at  10  ppm  and  t h e  

t empera tu re   was  reduced  to  193°C. 

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  t h e  

fo l lowing   Table  4 .  

Example  14 

Example  13  was  r e p e a t e d   except  that   the  o r t h o - p h o s p h o r i c  

acid  was  added  at  such  a  r a t e   as  to  ma in ta in   the  phosphorus  

c o n c e n t r a t i o n   in  the  l i q u i d   product   withdrawn  from  the  base  o f  

the  r e a c t o r   at  10  ppm,  the  manganese  a c e t a t e   feed  r a t e   r e m a i n i n g  

unchanged.  The  t e m p e r a t u r e   was  i nc reased   to  194°C. 

The  s e l e c t i v i t i e s   on  oxygen  absorbed  are  given  in  t h e  

fo l l owing   Table  4 .  

Examples  13  and  14  demons t ra te   the  f u r t h e r   improvement  i n  

s e l e c t i v i t y   to  a c e t i c   acid  consequent   upon  the  a d d i t i o n   o f  

manganese,   a l t h o u g h   the  e f f e c t   is  less  marked  than  with  t h e  

poorer   q u a l i t y   naphtha  f e e d s t o c k   used  in  Example  2. 





1.  A  process   for  the  p roduc t i on   of  C1  to  C3  mono-ca rboxy l i c   a c i d s ,  

i n c l u d i n g   a  s u b s t a n t i a l   p ropor t ion   of  a c e t i c   acid,   by  o x i d i s i n g  

in  a  r e a x t i o n   zone  a  p a r a f f i n i c   hydrocarbon  f eeds tock   w i t h  

mo lecu l a r   oxygen  at  a  t empera ture   in  the  range  from  150  to  250°C 

and  at  an  e l eva t ed   p r e s s u r e   s u f f i c i e n t   to  m a i n t a i n   the  r e a c t a n t s  

in  the  l i q u i d   phase  c h a r a c t e r i s e d   in  tha t   t he re   is  added  to  t h e  

r e a c t a n t s   a  compound  compris ing  phosphor ic   acid  and/or   a  p h o s p h a t e  

of  one  or  more  metals   of  Groups  I  and  II  of  the  Pe r iod ic   T a b l e .  

2.  A  p rocess   according   to  claim  1  wherein  the  p a r a f f i n i c   h y d r o c a r b o n  

is  a  p a r a f f i n   c o n t a i n i n g   from 4  to  8  carbon  atoms  in  t h e  

molecule   or  a  mixture   t h e r e o f .  

3.  A  process   accord ing   to  e i the r  one  o f   the  p reced ing   claims  w h e r e i n  

the  p a r a f f i n i c   h y d r o c a r b o n  i s   a  p a r a f f i n i c   f r a c t i o n   having  a 

b o i l i n g   range  of  about  15  to  about  95°C. 

4.  A  process   accord ing   to  claim  3  wherein  the  p a r a f f i n i c   f r a c t i o n  

is  a  s t r a i g h t   run  g a s o l i n e   f r a c t i o n  f r o m   p e t r o l e u m .  

5.  A  process   accord ing   to  any one  of  the  p reced ing   claims  w h e r e i n  

the  t e m p e r a t u r e   is  in  the  range  from  160  to  200°C  and  the  p r e s s u r e  
is  in  the  range  from  30  to  70  b a r .  

6.  A  process   accord ing   to  any one  of  the  p reced ing   claims  w h e r e i n  

the  Group  I  or  Group  II  metal  phosphate  is  a  phosphate   o f  

sodium  or  p o t a s s i u m .  

7.  A  process   accord ing   to  any one  of  the  p reced ing   claims  w h e r e i n  

the  phosphor ic   acid  and/or   the  phosphate  s a l t   is  added  in  an  amount 
in  the  range  from  0.1  to  1000  ppm,  c a l c u l a t e d   as  e l e m e n t a l  

p h o s p h o r u s .  



8.  A  process   a c c o r d i n g   to  claim  7  wherein  the  phosphor i c   acid  a n d / o r  

the  phosphate   s a l t   is  added  in  an  amount  in  the  range  0.5  t o  

100  ppm,  c a l c u l a t e d   as  e lementa l   p h o s p h o r u s .  

9.  A  process   a c c o r d i n g   to  any one  of  the  p reced ing   claims  w h e r e i n ,  
in  a d d i t i o n   to  the  phosphor ic   acid  and/or   phosphate   of  o n e - o r  

more  metals   of  Groups  I  and  I I ,   t he re   is  a lso   added  a  compound 
of  a  metal  of  v a r i a b l e   v a l e n c y .  

10.  A  process   a c c o r d i n g   to  claim  9  wherein  the  metal  of  v a r i a b l e  

valency  is  i ron ,   chromium,  manganese,  c o b a l t ,   n icke l   cr  molybdenum. 
11.   A  process   a c c o r d i n g   to  c la im 10   wherein  the  metal  of  v a r i a b l e  

valency  is  m a n g a n e s e .  
12.  A  process   a cco rd ing   to  any one  of  claims  9  to  11  w h e r e n   t h e  

t o t a l   amount  of  added  compounds  is  in  the  range  frcm  0.5  to  100 

ppm,  c a l c u l a t e d   as  e l emen ta l   phosphorus  plus  metal  of  v a r i a b l e   v a l e n c y .  
1 3 .  A   process   a cco rd ing   to  any one  of  the  p reced ing   claims  when 

opera ted   in  a  con t inuous   manner .  

14.  A  process   a cco rd ing   to  any one  of  the  p receding   claims  wherein  t h e  

r e a c t i o n   zone  is  f a b r i c a t e d   in  s t a i n l e s s   s t e e l .  
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